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The experimental results are from BaBar and Belle.
Special thanks to Jeff Richman and Jeff Berryhill (BaBar).
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Introduction

‘ Introduction I

e b — sy (b—dy)and b — sft¢~ : FCNC process

e Lowest diagram: one loop penguin (or box) diagram. Yy
e Sensitive probe to New Physics. W

-
" Sa

The effective Hamiltonian in terms of Wilson coefficients C:

qyeft _ 4GF

=~ \v;;vtbizc Oi(p). j<
v,Z
o b— sy : |Cr W ..o |

o b— sltl™ : Cy, Cp, sign of C5

b — d~ not covered this talk (no update this summer).

Best upper limit by BaBar: |
B(BT — pty) <21 x107% [SM: ~ 1 x 1079] :'4: |

B(B’ — p’y) <1.2x107% [SM: ~ 0.5 x 1079]
B(B? — wy) <1.0x107% [SM: ~ 0.5 x 1079]
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Radiative B Decays

‘ Radiative B Decays I

Inclusive b — s+ Branching Fraction

K

Gambino and Misiak
hgan and Neubert

BaBar [54.6 fb] i — |

hep-ex/0207076

BaBar [20.7 fb’] ;

hep-ex/0207074 ¢ I
PRL87,251807(2001)[9'1fb]] e
PL86511,6151(2001) [5:310) =
ALEPH [4.1 M2 °
PLB429,169(1998)
Average L
C.Jessop (SLAC-PUB-9610)
”2””3” I4I”_I45””6”
BF(B - X y)x10

(3.88+0.36+0.37"01)x 10"
(4.3+0.5+0.8+1.3)x10™
(3.21+0.43+0.27°09x10™
(3.36+0.53+0.42"09x10™
(3.11+0.80+0.72)x10™

(3.34+0.38)x10"

e Both theoretical predictions and experimental measurements have ~ 10%

uncertainty.

e Measurements are consistent with the SM expectation.
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Radiative B Decays

CLEO 9.1 fb~*
[PRL 87 251807 (2000)]

00000000000

Interests in radiative B decays
e Inclusive branching fraction.
% Direct C'P asymmetry in b — s7.
e Photon polarization (left-handed in the SM).
— B — K*y — K*ete™ (conversion at beam

+ Data i
— Spectator Model

. Lotat 7
pipe etc). $ et +++'+W.“‘
— Bt — K,(1400)* | f
e Mixed induced C'P asymmetry. S
— BO K*O’V N KSW y E,, (GeV)
— B _, K1(127O) N — Ksp ~ BaBar 21 fb [hep—ex/0207074]
e EZ spectrum (for [V,;| measurement). T | BABAR
% Exclusive decays (B — K3(1430)~ etc). 0. + ;
% : topic in this talk | +++ L
02‘ - ‘2‘1‘ “2‘2‘ - ‘2‘3‘ - ‘214‘ - ‘2‘5‘ E:/G[Ge\/z]?
Oct 8, 2003 Shohei Nishida
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Exclusive modes of radiative B decays

‘ Exclusive modes of radiative B decays I

B — K*(892)y

Bosch and Buchalla
Belle K%y (7810 Jo (4.09+0.21+0.19)x10”
FPCP’03
BaBar Ky [207 Y] el (4.23+0.40+0.22)x10™
PRL88,101905(2002)
CLEOKy (o1 ey (4.55+0.70+0.34)x 10
PRL84 5283(2 00) —
Average K o (4.17+0.23)x10" S
HFAG (L 03) %
Belle K~ y [78 fb] i (4.40+0.33+0.24)x10"° =
FPCP'03 "
- (D)
BaBar \ﬁ 2071 4 (3.830.62+0.22)x10"° =
PRLSS, 101905( 002 i
CLEOK 'y (o1 (3.760.86+0.28)x 10"
PRL84 5283(2 00)
Average K o (4.18+0.32)x10”
HFAG (LP'03) . . .
4 6 8

BF(B - K'y)x10~

e ~ 15% of the b — s+ process.

Belle 78 fb™! [FPCP]

80E , .+ ' T
%% (a) Ky | (6) Ky P P
605— Yield 452.8+24.2+5.0 [ Yield 146.5 +13.7 £3.5 [’l _520
50F I J15
40 [ 1 It 1
30E JJ | J‘ L J10 o
20F | >
10y hlI i P i, wﬂ " ﬁu"u uu oy E
18 2 - e Rl =
14_(c)K Tl°y (d)KsnOv EPR
12F Yield 86.4+11.1+ 2.4 i Yield 16.9+4.9+0.3 E =
10F “ 3 Lﬁ

8E | " E

6F ‘ 42

n| ' p “ _

4k I]I'IJ]M” n” J‘ il n”’ [L ” ‘[( I P}

o B Al e ey ol mnn malnnn m ]

0E |_UI!J||J" Il ” |:||L‘LL||||]||.| LllJ.l ds '1!].| al=- 4J!-|J |||| ||| ” |.|.|.|.||| || ” || || |.|.|l 4 il -I L :0

52 522 524 526 528 52 522 524 526 528 53

Beam-energy constrained mass (GeV/c 2)

e Difficult theoretical prediction due to the form factor

e Asymmetry of BF in charged and neutral mode = consistent with zero.

] ACP(K*’7> =

Oct 8, 2003
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Exclusive modes of radiative B decays

B — K3(1430)~

e CLEO, Belle observed B — K3;(1430)~.

e New result from BaBar!! o K3(1430) — K (507%)

e Helicity angle distribution:

. F 2 4
3100 cos” Oy — cos® Oy
o M
S 80
N
» 60f
c I
[ L
@ 40
20
0 o v . ]
5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29 -0.3 -0.2 -0.1 0 0.1 0.2 0.3
2
(@ m (GeVic) (b) AE (GeV)
19120 9
o [ o
—100F g
2 T a
L L

e Separately for the neutral
mode and charged mode.

D
o
T T T

I‘Igl T

20F : : e Maximum likelihood fit for
0.071.072.073.0!4.015.0!6.077.078.079.l GO-.011.0!2.0!3.074.015.0!6.0!7.0!8.019.-l mESI AE’ COSHH
©) |cos6,| (d) |cos6, |
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Exclusive modes of radiative B decays

Neutral Mode Charged Mode

w
o

Events / ( 0.045 GeV/c °)
Events / (0.045 GeV/c *)

12 14 16 18 2 22, 12 1.4 16 18 2 22,
M, (GeVic") M, (GeVic")

B(BY — K3;(1430)) B(BY — K3;(1430)")

CLEO (16.6725 & 1.3) x 107° (combined) [PRL84,5283(2000)]
Belle (13+£541) x 107° — [PRL89,231801(2002)]
BaBar (1224254 1.1) x107% (14.44+4.041.3) x 1079 [LP03]

[SM: e.g. B(B — K;(1430)7) = (17.3 £8.0) x 107, Veseli-Olsson PLB367,309(1996)]
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Exclusive modes of radiative B decays

BT — KTrn mt~ (Belle)
[PRL39,231801(2002)]

mdata

Exclusive mode summary

a
o

—J—Ldata = BB
&b - sy

N
(ﬂ

—total

= 2209

B — K*(892)y (12.5%)

eventsl(Z.SMeVIcz)
eventsl(lOOMeVlc

B — K3(1430)y (4%)

(K* 7~ and K p~y excluded)

B — K*my (9%)

eventsl(SOMeVch)

M,‘(GV/)

B — K¢y (1%) B — K+ ¢ (Belle)
rest of b — s (65 £ 6%) [hep-ex,/0309006 ]
N
= o] »
= |
e (354 6)% has been measured. = :ﬂ' ++T++ H‘!'T*HJ"
e What is the rest? s i 555 t24 tzs t 555
M g , GeVv/c?
Oct 8, 2003 Radiative and Electroweak B Decays (page 9) Shohei Nishida
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ACP(B — XS’Y)

ACP(B — XS’}/)

e SM predicts small C'P asymmetry (less than 0.6%) in the b — s7 process.
Large C'P asymmetry (~ 40%) is possible for the b — d~ process.

e Some models beyond the SM allow large C'P asymmetry.
e Past measurement by CLEO [PRL86, 5661 (2001)]:

ACP — 096514(}})(3 — XS’)/) + OOQACP(B — Xd’)/)
= (—0.079 = 0.108 % 0.022)(1.0 =+ 0.030)
—0.27 < Acp < 0.10  (90% C.L.)

Model Acp(b — 7))

SM 0.6

2HDM ~ 0.6

Supergravity ~ —10 to 10

SUSY with squark mixing ~ —15 to 15 [K Kiers et al.

SUSY with R-parity violation ~ —17 to 17 PRD62, 116004 (2000)]

\(/)V(iil:\l?)S 2003 Radiative and Electroweak B Decays (page 10) Shohei Nis}lg:g;



ACP(B — XS’Y)

New measurement by Belle

e Pseudo-reconstruction of X,

= | :
K+ (Kg) -+ 1 ~ 4 T (Up to ]. 7TO) %6 K*(892) fézi;)n-r\leubert (Mr1.15GeV/c?)
KYKK*(n7) [ KKK~ () ioiooue
o M(X,)<21GeV/c* (~E, > 22 GeV) o M BRGVIC
e High energy lepton from the other side B is re- 3}
quired in order to suppress qg background. 2
e b — d contamination is negligible. 1r
e Signal yield by fitting My to signal, g and BB  or—2Tc"5 5t 5
(fixed) components. M(Xs) (GeVic)
Oct 8, 2003 Radiative and Electroweak B Decays (page 11) Shohei Nishida
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ACP(B — XS’Y)

B — Xv final states.

Ky Krmy Krrmy Krrmmy

< OF < < < 2y
2 g g 16 2 8r
= r = 40 = =
2 10f £ 2 12 £ 6
g - E i g ¢ i I
® sb © 20p © 8 ° H qun
4 2 —;”:H-L[
J.||| L1l L O 07\\\\‘\\\\‘\\\\‘\\\\‘\\\ O\\\\‘\\\‘\\‘\\‘\\
824 525 5.26 527 528 5,29 824 525 526 527 528 529 524 525 526 527 528 529 524 525 526 527 528 529
M,.(GeVic?)

M, (GeVic) M, (GeVic)

63 + 10 events 300 £+ 21 events 96 + 17 events

M,.(GeVic?)

events/(lMeV/cz)

KKK (7)Y

6
ar

2

L

ol

0
5.24

for

525 526 527 528 529
M,.(GeVic?)

16 =11 events 8.6 & 3.5 events

M(X,) >

without 7Y with 7°

< 8op < 30f

3 F 2 o e Breakdown is measured

2 af 2 r . .

E E o 1.15 GeV/c? (excluding B — K*v) in or-
i ol b b Ly 7\\\\\\\\\\ L L

0 Ll
524 525 526 527 528 529
M, (GeV/c?) M, (GeV/c)

322 4+ 24 events 160 £ 17 events

Oct 8, 2003 I
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ACP(B — XS”Y)

Flavor tagging
e Charged B or odd number of K — self-tag
—eg Ktnatr v, Kortnly
e Neutral B and even number of X' = ambiguous
—eg Klrfm

1 — wy — w3 N(b) — N(b)
(1 —wq)(1 — 2wy — wg) N(b) + N(b) — (wa/(1 — wy))N(amb.)’

Acp = DAZY =

Wrong tag fraction:

wy =0.0194+0.014 beb
wy = 0.24 £0.19 ambiguous =- self-tag

w3 = 0.0075 £ 0.0079 self-tag = ambiguous
D =1.038 £ 0.031

Oct 8, 2003 Radiative and Electroweak B Decays (page 13) Shohei Nishida
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ACP(B — XS’Y)

b

(\S - J L data
2 80 — total
= BB +qq background
> - BB background
c 40 —
()] L
>
& L
20 —
e ol
0 (OIS IS ISIS SISO OSO
5.24 5.25 5.26 5.27 5.28 5.29
M,.(GeV/c?)

342 +23+7,

Acp(B — X,y M(X,) < 2.1 GeV/c?)
—0.107 < Acp(B — X,v; M(X,) < 2.1 GeV/c?) < 0.099

e Null asymmetry.

Events/(IMeV/c?)

ambiguous b

15— J 1 data (\E - I Ldata

[ — total 2 80 — total

B BB + qq background § BB + qq background
10 | EZA BB background 5 - BB background

i [y

>

i w i
5— 20 L

r I ] L,

:D_LH_‘ ‘ F—L J_‘ _ — - I =
0 ”Uy; b b 07 (OIS IS TSI IS IS II I OS O
5.24 5.25 5.26 5.27 5.28 5.29 5.24 5.25 5.26 5.27 5.28 5.29

M,.(GeV/c?) M,.(GeV/c?)

478 + 87114

349 + 23+ 7,

—0.004 4 0.051(stat.) £ 0.038(syst.)

(90% CL)

e Can be used to constrain new physics model (e.g. light chargino in MSSM).

Oct 8, 2003
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B — K(t(—, K0~

‘ B — K{T0—, K*t(~ I

e Belle observed B — K/+¢~ in 2001 with 29 fb~!.

e Access to Cy, Chp.
e Forward-backward asymmetry in B — K*(*/{~ = sign of C;

Analysis

e Hadronic system: K7*, Kg, K* (from - Veto region (BaBa.r)

Ktn—, Kgrt, [KT70]) | K+é+e'- | | |
e Background ok :

- Co[ltinuum qq events. E

— BB events (semi-leptonic decays) W 005k

—> missing energy. =

— B — K®hh = signal-like peak. 01k . . o

o J/¢, ¥ veto ° ' L GaIE)
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B — KUtV K*(T¢
B — K®¢+¢— from Belle

e Signal yield from M, fit. - (@) K e | |
e First Observation of B — K*/*{~ mode!! :
(a) K*ete (b) K6+ -
yield 156753410 159731 +0.7 :
eff. (%] 3.5+024+0.1 10.8+ 05402 ol
(c) Krpp™ (d)Kuu‘ S |
yield  20.0F%9F10 220728 +£08 2
eff. (%] 5.6+£0.340.3 1524 0.7 + 0.5 S|
(e) K*(ti~ (f) K(0- o
yield 35.8%89+17 379Ff76+10 o |
eff. (%] 51+034+0.2 13.0+0.6+0.2 of T oK
;21@ Cew ] E wee 1 [SC
s s S s s M, . (GeV/c?)
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B — K{t0—, K*(T¢~
B — K®/¢+¢— from BaBar

B — K{+(- B — K0~
>
a) 3 15t b)
Lo
RE 8 10
>20 Pl
(D c
: P TTT
> 2157 b) S 02 01 0 01 02
0] O e A E (GeV)
© N %) B3
3 S 10f c10 3
2 P 2 S
0 = <
= 2
L S N o O s O 0 | | | | =
0 ! ! ! ! o— L Toal LSS 2 ok ! ! !
5.2 522 524 526 5.28 -02 -01 0 0.1 02 52 522 524 526 528 W 07 08 09 L 11
m.. (GeV/c?) AE (GeV) mg (GeV/ c?) my, (Gev/c?)
8.40 3.30
e Simultaneous fit to mgs, AFE, (m(Km)).
e Evidence for B — K*(*/~.
Oct 8, 2003 Radiative and Electroweak B Decays (page 17) Shohei Nishida
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B — KUtV K¢
B — K®t0— result

Branching fraction (x1077)

Mode Belle BaBar SM
B— Kete~ 487{34+03+01 74715+05
B— Kptp~ 487124+03402 45723404
B— K(t0~ 48%304+03+01 65t734+04 35412
B— K*etem 14973:75+£02 987T;5+1.1
B— Kty 11.71364+09+05 1277715+16
B— Kt~ 1157264+08+02 88F33+1.0 11.94+3.9

e B(B— K"/~ )=B(B— K*utu~)=0.758B(B — K*ete™) is assumed to
compensate ¢ = 0 pole in ee™. [A.Ali et al. PRD 66, 034002 (2002)]

e BaBar assumes B(B" — K%*(~)/B(BT™ — K™(*{~) to be 1.085 £ 0.017, while
Belle assumes to be 1.0 (similarly for K*¢*(7).

e First observation/evidence for B — K*(*{~.

Submitted to PRL (BaBar: hep-ex/0308042, Belle: hep-ex/0308044)

Oct 8, 2003 Radiative and Electroweak B Decays (page 18) Shohei Nishida
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B — K{T0~, K¥(H0~

M (¢+¢~) distribution

BaBar M (¢*¢~) distribution

6r * -
vl Kl vl K17
B ®
040 I O 3t
S Sal bty it Ih]
D2r 1ol 2
LA | B G
00 2 I o 5 00 1 I .’i% éll 5
m,. (GeV/ c2) mm,%GeV/ c?)
Belle ¢ = M (¢*¢~)? distribution
N Fr T AR RASSRREARE SN MU RRRRE
20k @K' & ) KITT
PO ;:
OoF +++ i + ]
L10F ES E
2 sf 1 ++ -f
- - I ]
2 ot L -
0 5 10 15 .20 0 .5 10 15 20 25
q° (GeV?/cH)
Oct 8, 2003
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o M({*¢™) distribution might
be useful to obtain informa-
tion of New Physics.

e Need more statistics to com-
pare the data and the SM
prediction.

Forward-backward asymmetry in
K*0t0~, charge asymmetry etc.
should be studied with more data.

Shohei Nishida
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B — X070

‘ B — X 010~ I
Inclusive B — X (10~

e Smaller theoretical uncertainties than exclusive modes.
e Measurements are more difficult.

e Belle measured the inclusive branching fraction last year using 60 fb~" data [PRL 90,
021801 (2003)].

o New result from BaBar using 80 fb™" data!l [hep-ex/0308016]
Analysis (by BaBar [Belle])

e X, is reconstructed from 1 kaon + 0 ~ 2 7 [Belle: 0 ~ 4 7], where up to 1 7 is
allowed.
—> ~ 75% [Belle: 82%)] of signals are covered.

o M(X,) < 1.8 GeV [Belle: M(X,) < 2.1 GeV]

e Similar selection criteria as exclusive modes.
° M(€+€_) > 0.2 GeV.
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B — X010

BaBar result (New!!) (80 fb™)

~ 3 —~ SARRE RALAE REARE RRARE RARAS LEARE RALLE RALLE RAARE AL
L | BaBaR S (b) 3 I I I I T | i
TR preliminary 8 16F 3
8 o 14 3 (b) XsLl H
g g :
S 8 ¥ E
o © 10f 3
g 5 % E
> > 3
w T i <
2 E 2
ST T 77 s T T T T R >
g. 521 522 523 524 525 526 527 528 5. 92 .3 2 521 522 523 524 525 526 527 528 529 .3 S
mg (GeVic™) ES(GeV/c ) 0
o —
~ + -
- _F T T T T o d) X.e + C.C.
Yo wf © o 8 (d) X;e'u
s f > £60 |
O 25 ] o L
Yo [Tl
S 20f, 4 8
S “F =]
S f ] p=d 40
=15 E
2 hER 12
S 1 * ) E S 20
> - >
L 5 + _: ]
g- ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, g: 0 1 1 1 1 1 1 1 1
2 521 522 523 524 525 526 527 528 529 .3 .2 521 522 523 524 525 526 527 528 529 53
mES(GeV/c ) mES(GeV/cz) 5.2 522 524 526 528 5.2 522 524 526 5.28
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41.4+10.3 £ 1.5 events / 4.60

Belle result (60 fb™")

M,. (GeVic?)

60.1 £13.9755 events / 5.40

Branching fraction (x107°)

Mode BaBar

Belle

B — X,etem 66+197
B— Xt~ 57+28%
B— X4~ 63+167

=

9
.6
7
A4
.8
D

50+2.31 7
79+21771
6.1+1.47" 1]

Radiative and Electroweak B Decays

Shohei Nishida
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B — X /0~
M(X), M(¢+¢~) distribution

BaBar Belle
L R IR IS IS S UL B
300 |- @+ 7 ®)]
< 25—| rrrrrrrr B 200 :_ _:_ _:
2 [ BABAR. ] r T ]
2 ool preliminary ] — 00
= = - L1 — -1
- ] o
B —e—i B O
15— ] S o HHHHHHHHHHHHH
- . > 15 F © x
10/ f £ E T
- L . W10k -
5 ]| . 33 £
O: I B L1 l v L b b |: O : - :
O 0.2 0.4 0-6 0.8 1 1.2 1.4 1.6 2 1.8 1111 l 1111 l 1111 l 1111 I 11 l_
m(X,) (GeVic ) 0O 1 2 3 40
M, (GeVic?) M, (GeV/c?)
e Consistent with the S.M.
e Need more data.
Oct 8, 2003 Radiative and Electroweak B Decays (page 22) Shohei Nishida
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b— s{T{~ summary

‘ b — sfT/~ summary I

B — K0(t0~

Ali 01
Eﬁlle (140 1b7] o 4.8 2 +03)x10 "
BaBar s’ et 6.5 5 #0.4)x10 "
CLEO 9.1fb™ <17x10”"
PRL87,1818003(2[0(;I-1) ] X .

F (88 pb™] <52x10°
hep-ex/9905004 . .
7 6 5
10 10 10
BF(B = KII)
B — X T

Ali '01
Belle 60 fb] et 6.1 +1.4 Hx10°
PRL90,021801(2003)
BaBar  (s2m? 0 6.3 1.6 T x10°
hep-ex/0308016 '
CLEO ee i <58x10°°
PRL79,2289(1998)
CLEO pu p1m? <57x10°°
PRL79,2289(1998) X L

10° 0° 10°
BB X,II)
Oct 8, 2003
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Belle

new

BaBar

new

CLEO

[140 fb™]
[113fb™]

[9.1fb™]

PRL87,1818003(2001)

CDF

hep-ex/9905004

e B — K*{T/¢ is measured.

(88 pb™]

107

B — K*(t(~

Ali|’01

6

10° ,
BF(B - K'Il)

(115 77 +0.8)x10”"

(8.8 L5 +1.0)x10
<33x10”'

<40x10”"

-5

e No significant deviation from the SM.

e Precise measurement with larger data
set Is necessary.
— Branching fraction of B — X /T/~

— Forward-Backward asymmetry.
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Summary

‘ Summary I

e Many studies on exclusive b — sy mode.

Radiative B decays

o Acp(B — Xyv) : consistent null asymmetry.
Electroweak B decays
e First observation of B — K*(*/(~.
e Updated results on B — K{1/(~.
e Measurement of inclusive B — X /7¢~ branching fraction.
So far, all the results look consistent with the SM expectation.
b — sv and b — s{T{~ are still important probes to the physics beyond the SM.
e Acp, photon helicity in b — s7.
e b — dy.
e B.F., forward-backward asymmetry in b — s¢*/~.

Still many programs! Awaiting more data (and more precise calculation).
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